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Abstract
Aim of the study: to evaluate the dynamics and to make a comparative analysis of male and female mortality among the
population of Belarus Republic during 1959 – 2015.
Materials and methods. The data on natural population movement in the Republic of Belarus during 1959 – 2015 have been
analyzed in the research work. Crude and standardized mortality rates have been calculated using the direct standardization
according to the world standard (Standard “World”), approved by WHO. JoinPoint software was used to investigate time
trends as well as office suite MSEXCEL 2010.
Results of the study. The minimum values of male and female crude and standardized mortality rates were established
in 1964. Throughout the study period, the male population mortality rate grew 1.8-fold (based on crude rates – 2.4-fold),
the female population mortality rate – 1.6-fold (based on crude rates – 2.2-fold). During 1985 – 2005, the differences in
crude mortality rates among men and women grew 1.2-fold, and during 1962 – 2011, the differences in standardized rates
increased 1.8-fold. Since 2003, the mortality rate among men and since 1999, the death rate among women has declined
with an annual decrease rate to be more than twice as high as compared to an annual mortality increase registered during its
growth.
Conclusion. Since the 1960s, the changes in population age structure of the male and female population affected the crude
mortality rates. The male and female mortality growth is due to an increased unfavorable impact of combined environmental
factors. The adaptive capacity of women to sustain environmental changes contributed to their later entry into the period of
mortality growth, as compared to men. The mortality rate reduction in men since 2003 and the excess of a decrease over
an increase rate is associated with a set of state measures aimed at protecting and strengthening the public health in the
republic.
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Problem statement and analysis of the
latest research
High rates of socio-economic development and intensive ur-
banization affected the duration of the first stage of the demo-
graphic transition in the Soviet Union [1]. In 1913, in Belarus,
the overall mortality rate was 25.5%. In 1922, in the BSSR,
the mortality rate fell at 43%, and in 1927, at 14.7% more.
During the BSSR period, the lowest mortality rate was 6.6‰in
the 1960s, then the death rate began to increase [2]. During
the World War II, Belarus lost a quarter of its population. The
high natural growth of the population and the migration of
young people led to a complete restoration of the number of
population by 1972. The natural growth of the population
declined since 1986, and the total number of population –
since 1995 [3, 4, 5]. Socio-economical crisis resulted in trans-
formed demographic trends. For a short period from 1990 to
1999, the overall mortality rate rose from 10.7% to 14.2% [6].
Gradual increase in the death rate during 1959-1999 was 85%.
In 1979-1990, an increase in mortality rate was 40.8% with
an average annual growth of 2%; in 1990-2002, it was 38.3%
with an average annual increase of 2.9% [7].
The overmortality of men aged 20-50 years compared to
the mortality among women is one of the peculiarities of mor-
tality pattern in the Republic of Belarus since the 1960s-1970s.
During some years, the mortality rate of men exceeded that
of women 3-5-fold resulting in a substantial difference in life
expectancy [8, 9, 10, 11]. In the late 1990s, the death rate
of men exceeded that of women 1.2-fold. Differences in life
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expectancy at birth for men and women also increased. The
difference in life expectancy from 4 years in the 1920s has
reached 12 years by 2005. In 1990, the excess of mortality
among men compared to that of women was 8.7%, 14.8%
in 1993, 17.3% in 1995, and 24.6% in 2003 [7, 12, 13]. De-
spite the positive dynamics in birth-rate and increased life
expectancy, a pronounced decline in death rates was not ob-
served [9, 14].
In the BSSR, the standardization of mortality rates was
introduced in 1959. Prior to 1990, the standardized death rates
were obtained from official statistical reports (for official use).
The age-adjusted structure of the population of the Republic
of Belarus in 1959 (according to the All-Union Population
Census for 1959) was utilized as a standard. The European
population standard (WHO, 1992) was used for calculating
standardized rates since 1991. In a number of national studies,
dynamics of standardized urban and rural population mortality
rates were estimated for the period from 1960 to 2013. Thus,
according to these authors, the established excess of standard-
ized indicators over intensive mortality rates for the period
from 1982 to 2007 is associated with an increased proportion
of deaths in young age [15]. However, in most of the studies,
the analysis of mortality dynamics was carried out on the basis
of crude mortality rates values.
Due to the fact that the decline in mortality and the in-
crease in life expectancy are in the field of demographic inter-
ests of the state and society, the study of mortality is an actual
direction in medical and demographic research. Results of
mortality rates studies, its dynamics and time trends over a
large period of time can be used for assessing the effectiveness
of programs ensuring the demographic security of the country
[16] and developing a set of measures to protect public health.
Objective of the study: to evaluate the dynamics and to
perform the comparative analysis of gender-specific mortality
among the population of the Republic of Belarus during 1959-
2015.
1. Materials and methods
The study was based on the natural movement data of pop-
ulation during 1959-2015. State statistical reporting forms
and official data on calculating the primary data from statis-
tical agencies were used as sources of information about the
natural movement of population. State statistical reporting
forms as well as a part of statistical data were obtained from
the National State Archives of the Republic of Belarus.
Annual standardized mortality rates were calculated using
direct standardization method according to the world standard
(Standard “World”), approved by WHO [17]. The ratio of
crude male and female mortality rates (overmortality index –
OMI) and that of standardized rates for men and women was
calculated. JoinPoint software was used [18] to investigate
time trends, and pictures were done using office suite MS
EXCEL 2010.
Figure 1. Dynamics of crude and standardized mortality
rates among men in the Republic of Belarus during
1959-2015
2. Results of the study and their
discussion
In 1959, in the BSSR, the gender ratio (gender population
ratio) was estimated 0.8. In 2015, it increased at 8.7 (95%CI
8.5; 8.9%) and amounted 0.87.
The population mortality, the death rate among men and
women in the Republic of Belarus during 1959-2015 under-
went significant changes. Table 1 shows general, specific
(crude) and standardized mortality rates as well as male-to-
female mortality ratios from 1959 to 2015.
In 1964, a specific (further crude) rate of 6.99 % and a
standardized mortality rate of 8.36% among men were the
lowest for the study period. Extreme maximum values of
a specific (16.70%) and a standardized (14.68%) rate were
observed in 2002. The range of extreme values of standard-
ized mortality rates (6.32%) was below the range of specific
mortality rates (9.71%). OMI of 2.39 as a ratio of extreme
maximum (16.70%) and minimum (6.99 %) specific mortal-
ity rates among men exceeded the ratio of 1.76 of maximum
(14.68%) and minimum (8.36%) standardized male mortality
rate 1.4-fold (Table 1, Figure 1).
In 1964, the lowest specific (5.84%) and standardized
(5.14%) mortality rates were also noted among women. The
highest specific mortality rate of 13.10% was registered among
women in 2002 and the standardized of 7.31% in 1995. Through-
out the study period, the range of extreme values of standard-
ized mortality rates (2.17%) was below the range of specific
mortality rates (7.26%). OMI as a ratio of maximum (13.10%)
versus minimum (5.84%) specific mortality rates was 2.2.
Maximum (7.31%) versus minimum (5.14%) standardized
rates ratio was 1.4 and exceeded OMI 1.6-fold (Table 1, Fig-
ure 2).
The change in the population structure that occurred since
the1960s affected the mortality rates. While estimating the
mortality rates, the age-specific factor was adjusted by direct
standardization. The range of the extreme maximum versus
standardized rates and their ratio has been revealed to be
below the range and the ratio of male-to-female mortality
rates (Table 1). It has been established that the time period
for reaching the extreme values of crude and standardized
mortality rates for men was similar and amounted 38 years
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Table 1. Crude and standardized male and female mortality rates (WHO, 2000) in the Republic of Belarus during 1959-2015
(%)
Year Men Women OMI Standardized
rates ratio (m/f)
Specific
mortality rate
Standardized
mortality rate
Specific
mortality rate
Standardized
mortality rate
(m/f)
1959 8.6 10.35 7.11 6.85 1.21 1.51
1960 7.32 8.81 6.02 5.71 1.22 1.54
1961 7.14 8.63 5.97 5.54 1.2 1.56
1962 7.72 9.38 6.88 6.26 1.12 1.5
1963 7.45 8.92 6.48 5.81 1.15 1.54
1964 6.99 8.36 5.84 5.14 1.2 1.63
1965 7.33 8.79 6.33 5.44 1.16 1.62
1966 7.29 8.72 6.23 5.27 1.17 1.66
1967 7.5 8.93 6.55 5.43 1.14 1.64
1968 7.55 8.91 6.62 5.35 1.14 1.67
1969 7.83 9.36 6.98 5.65 1.12 1.66
1970 8.11 9.83 7.29 6.07 1.11 1.62
1975 9.14 10.39 8.01 5.91 1.14 1.76
1979 10.32 11.2 8.85 6.05 1.17 1.85
1980 10.54 11.44 9.38 6.3 1.12 1.82
1985 10.97 11.74 10.31 6.59 1.06 1.78
1989 10.69 11.34 9.72 6.27 1.1 1.81
1990 11.18 11.87 10.37 6.68 1.08 1.78
1995 14.4 14.27 11.99 7.31 1.2 1.95
1999 15.61 14.44 12.78 7.26 1.22 1.99
2000 14.88 13.61 12.15 6.82 1.22 2
2001 15.7 14.04 12.58 6.9 1.25 2.04
2002 16.63 14.68 13.09 7.1 1.27 2.07
2003 16.41 14.37 12.79 6.82 1.28 2.11
2004 16.09 14.01 12.61 6.68 1.28 2.1
2005 16.49 14.27 12.73 6.68 1.3 2.13
2006 16.08 13.8 12.56 6.49 1.28 2.13
2007 15.37 13.04 12.23 6.18 1.26 2.11
2008 15.58 13.09 12.29 6.09 1.27 2.15
2009 15.94 13.08 12.69 6.17 1.26 2.12
2010 16.26 13.23 12.87 6.18 1.26 2.14
2011 16.19 13.09 12.57 6.03 1.29 2.17
2012 14.76 11.89 12.16 5.72 1.21 2.08
2013 14.32 11.53 12.3 5.76 1.16 2
2014 13.9 11.21 11.89 5.6 1.17 2
2015 13.48 10.82 11.85 5.51 114 1.96
(1964-2002). The time period between extreme maximum
and minimum values of the standardized mortality rates for
women made 31 years (1964-1995) and was 7 years shorter
than the period calculated for crude rates (1964-2002).
In different years, the comparison of crude male and fe-
male mortality rates based on the calculation of OMI showed
the highest index of 1.30 in 2005 and the lowest of 1.06 in
1985, when the differences between specific mortality rates
among men (10.97%) and women (10.31%) were not substan-
tial (Table 1). Within 29 years (1985-2005), the difference in
mortality rate among male and female population increased
1.2-fold. Observed 6 years later, in 2011, the maximum stan-
dardized male-to-female mortality ratio 2.17 times exceeded
the maximum value of OMI in 1.7 times. The minimum stan-
dardized male-to-female mortality ratio of 1.5 in 1962 was
also 1.4 times higher than the minimum OMI. That is, for
the period from 1962 to 2011 (49 years), the male-to-female
mortality difference increased 1.8-fold (Table 1, Figure 3).
Throughout the study period, the ratio of standardized
rates was higher testifying to a different intensity of mortality
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Figure 2. Dynamics of crude and standardized mortality
rates among women in the Republic of Belarus during
1959-2015
Figure 3. Dynamics of OMI and ratios of male-to-female
standardized mortality rates in the Republic of Belarus during
1959-2015
increase among men and women. The time range of ratios
(the maximum in 2011 and the minimum in 1962) of male
and female standardized mortality rates was 49 years, while
the same range for the maximum and the minimum OMI was
2.5 times less and was 20 years (1985-2005).
In connection with the revealed differences in time ranges
and the values of minimum and maximum male-to-female
mortality rates, a study of time trends of standardized mortal-
ity rates among men and women in the Republic of Belarus
was conducted. Segmented line regression models allowed
estimating the rate of an increase/decrease of mortality in
different time periods. The results of the study are shown in
Table 2 and Figure 4.
From 1959 to 1964, no significant reduction in mortality
rate was observed at an annual rate of decrease of 2.8 (95%CI
-5.9: -0.4) % (p>0.05). Throughout the study period, the min-
imum mortality rate of 6.37% was registered in 1964. After
the trend reversed its direction, there was a steady increase
in mortality rate (p=0.05) with an increase of 1.6 (95%CI
1.2; 1.3) % annually for 38 years up to 2002. In 2002, after
reaching the maximum value of 10.29‰, the trend reverses
its direction towards the mortality reduction (p=0.05) with an
annual decrease rate of -2.1 (95%CI -2.1; -2.6) % up to 2015.
Time trends of male and female mortality rates in Belarus
differed throughout the study period. Parallel test [19, 20]
showed statistically significant differences in the rate of male
and female mortality increase/decrease within the study pe-
riod. From 1959 to 1964, there was a “tail” in the mortality
Figure 4. The mortality trends among men and women in
the Republic of Belarus during 1959-2015
reduction trend. The lack of data for the previous period does
not allow estimating both the duration and the rate of mortality
decrease. However, the decline in the mortality rate among
women in contrast to that among men, observed during that
period, was statistically significant. From 1959 to 1961, no
decrease in the male mortality rate with an annual fall rate
of 8.3 (95%CI -22.2; 8.1) % was observed (p>0.05). From
1959 to 1964, the death rate of the female population with an
annual decrease rate of – was 3.6 (95%CI -6.3; -0.8) % fell
(p=0.05). In 1964, the minimum value of the female death
rate of 5.14‰was registered, after which the trend reversed
its direction. From 1961 to 2003, the male mortality rate grew
(p=0.05) with an annual rate of increase of 1.3 (95%CI 1.3;
1.2) %. During the period from 1964 to 1999, with an annual
rate of increase of 0.9 (95%CI 0.9; 0.6) %, the female death
rate also grew (p=0.05). The peak of the increased female
mortality trend falls on 1999, after which, up to 2015, there
was a decline in mortality (p=0.05) with an annual rate of
decrease of – 1.7 (95%CI -1.7; -1.3) %. 2003 was the year
of the change in the trend line for the male mortality rate
with a changed direction towards the reduction with an annual
decrease of – 2.2 (95%CI -2.2; -1.6) % (p=0.05), which also
continued up to 2015.
The period of growth in male mortality rate compared to
that in women was longer. The time range of male mortality
rate trend (42 years) was 7 years longer than a similar trend
among women (35 years). The points (years) of mortality
trends reversal towards an increase were observed for men
in 1961 and for women in1964. There was a reversal of the
trend towards a decrease in male mortality in 2003 compared
to that in women in 1999, four years earlier. There were
also differences in the rate of male and female mortality in-
crease/decrease (1.4 and 1.3-fold, respectively) throughout
the study period.
Despite the fact that in the early 1960s, the social stress
was rather positive because of sustainable socio-economic
development and improved quality of life, unfavorable demo-
graphic trends began to appear in the society. Later, these
tendencies acquired a stable character and affected the demo-
graphic development vector in the republic. The change in the
environmental factors taking into account the social status and
expectations from men in the society, had a greater impact
on this subpopulation. Unlike women, men used to react to
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Table 2. The male and female mortality trends in the Republic of Belarus during 1959-2015
Beginning of the
mortality trend, year
Completion of the
mortality trend, year
Rate of increase /
decrease (%)
95%CI Significance (P)
Men
1959 1961 -8.3 -22.2;8.1 ≥0.05
1961 2003 1.3 1.2;1.5 ≤0.05
2003 2015 -2.2 -2.8;-1.6 ≤0.05
Women
1959 1964 -3.6 -6.3;-0.8 ≤0.05
1964 1999 0.9 0.6;1.1 ≤0.05
1999 2015 -1.7 -2.0;-1.3 ≤0.05
occurring changes with an increased mortality more rapidly,
actively and for a longer period. The implementation of state
measures aimed at protecting maternity and childhood had a
beneficial effect on the female mortality and contributed to a
lower intensity of female mortality growth compared to men.
In 1999, the female and in 2003, male mortality rate started
to decline, the tendency being more pronounced among men.
The excess in the rate of mortality decrease among men is
associated with a more substantial impact of a set of programs
aimed at protecting and strengthening the public health on
this group of population.
3. Conclusions
1. During 1959-2015, specific male and female mortality
rates were largely determined by changes in the popula-
tion structure.
2. The most favorable effect of environmental factors on
the population of Belarus characterized by a low inten-
sity of male and female mortality was observed in the
late 1950s – early 1960s of the XX century.
3. An increase in the male and female mortality from the
early 1960s to the beginning of the XXI century is
due to the growth of an adverse impact of combined
environmental factors.
4. Women as compared to men have higher adaptive abili-
ties to resist changes in environmental factors. Women
showed a later entry into the period of mortality growth
and decline and a lower rate of its increase/decrease.
Among men, the mortality growth was registered ear-
lier and its decline later with a higher rate of mortality
increase/decrease.
5. Since 2003, the excess in the rate of mortality decrease
in men compared to women is due to the development
and large-scale implementation of a set of measures
aimed at protection and the public health strengthening.
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